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© Hoat-reslstlng porous mombrano. hydrophlllzed heat-resisting porous membrane and production 
processes thereof. 

® A hoat-rcsisling porous mcmbrano comprises a porous polyolofin membrane having a crosslinkod 
copolymer held on at least a pan ol the pore surfaces iherool. the crosslinkod copolymer being composed of a 
monomer (A) comprising at least one multifunctional (meth)acrylate and a monomer (B) comprising at leas one 
monofunctlonal (meth)acrylate having a hydrocarbon radical ol 5 to 20 carbon atoms: and the heat-resislmg 
porous membrane can be hydrophilized by additionally having a crosslinkod polymer Iheieon. These heat- 
resisting porous membranes can be used in hot water for a long period of lime without delenoral.ng the 
mechanical propeilies inherenUy possessed by the matrix of the porous membrane. 
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BacK ground ol tho Invontion 

1 . Field ot tho Invontion 

5 This invention rolales to porous polyolelin moi«bra..es suitable lot use I., precision lillralion and having 

«xcBllunl heat resistancu: porous polyulBlin n.uinbranas suitable lo. us« in p.«eisio.. f.lliat.on and having 
both OKCBllB.n heal rosistancH and hycj.ophilidly; and p-ncHSsns lo. tlm p.o.1u.:lio.. of sucM rnnn,b,a..ns. 

2. Description ol the Prior Art 

In recent years, a variety of separating membranes have come to be used in various fields such as 
water purification, blood Ireatmonl. air cleaning and food industry. For example, precision f.Kermg mem- 
branes formed ol a polyolelin such as polyothylono are boing widely used lo easily obtain highly pure wator 
and highly clean air. because they have excellent chemical resistance and excellent physical properties 

15 such as strength, elongation and flexibility. w o= ih»m ^i 

As the range ol use of precision filtering membranes extends, it is more strongly desired to use them at 
elevated temperatures, for example, of the order of 80 to 95 * C. 

Moreover. In many applications (such as food industry and blood treatment) ol procision imenng 
membranes, their contamination with microorganisms such as bacteria and molds is not permitted and. 

20 therefore, they are sterilized prior to use. 

Useful sterilizing processes include troalmont with chemicals such as ethylene oxide, formalin and 
hydrogen peroxide, exposure to radiation such as gommo rays, and heat treatment such as steam heating^ 
Among thorn. Mn«m hn.-.tinn in most prolorrnd so long as tho procision tilloring rnombrano ho.nn Iroatc^d 
can withstand it. b«ca..se ,1 is an elloctivo and s.aM.lo process involving liltio risk ol contamination with 
impuntios during tho sterilization stop. Usually, stoam heating comprises troatniont with aloam at i^l -C lor 

30 minutes. ^ . , . . 

However, porous membranes formed of polyolelins such as polyethylene tend to undergo marked heat 
shrlnkago and morphological changes, when thoy aro continuously usod at an olovatod tomporaturo ol 80 to 
95-C or slorilizod by stoam hoailng comprl«ir.o hoaimont with Blo.i.n ai i;*! C I.., Mi rninuloK ol on 
causes a sharp reduction In wator or air permeability and Impal.s their luncllon as precision lllloilny 

""^"Uorrov'er since porous polyolefin membranes are hydrophobic, water cannot permeate therethrough 
when they are used as such. Accordingly, where it is desired to utilize them for the treatment of aqueous 
liquids (i.e., water and water-basod solutions), thoy nood lo bo hydrophill/od in advanco by means of a 
hydrophilizing agent such as an alcohol or tho like, Howovor. ,x>,o..s polyolnlin ,nr„nt..anes l.yrirophil.ze.l 
v^ilh an alcohol o, the like have the disadvantage tlial, once they are dried, their hydruphihcily is lost. 

In an attempt lo overcome the above-described disadvantages ol porous membranes formed o 
polyoletins Japanese Patent Uid-Open No. 33878/'87 has proposed a technique for improving the heat 
resistance ol porous polyolefin membranes. This technique comprises forming a heat-resisting polymer fitm 
having a crosslinked structure on the surfaces ol polyolefin hollow fiber membranes. 

Moreover, a number of techniques for imparting hydrophilicity to porous polyolefin membranes have 
also been proposed. Specifically. Japanese Patent Laid-Open No. 57B36.''B1 discloses porous POlyelhy^ene 
membranes which have been rendered hydrophllic by the Introduction of sulfonic add groups, Japanese 
Patent Uid-Open No. ^7^0Q3rBB discloses porous polyolefin membranes which have been rendered 
hydrophilic by causing membranes to hold an ethylene-vinyl alcohol copolymer on their surfaces, Japanese 
Patent Laid-open No. 12540a/'86 discloses porous polyethylene hollow fiber membranes which have been 
rendered hydrophilic by causing the membranes to hold an ethylene-vinyl acetate copolymer on their 

surlacos and then saponifying it. „,.»,„„„,,„i.. m 

Furthermore, as a technique for imparting both heat resistance and hydrophihcity simulfaneousl/ to 
porous polyolelin membranes. Japanese Patent Laid-Open No. 59030r«Q has proposed a method which 
comprises causing tho membranes to hold a crosslinkod polymer composed ol a styrone "^0"°^°' ^"^ 
divlnylbenzone on their surtacos and then polymerizing a hydrophilic monomer (such as d.acotone 
acrylamide) and a crosslinkablo monomer thereon to form a hydrophilic copolymer. In addition. Japanese 
Patent Laid-Open No. eee/az-Qi discloses a method which comprises thermally polymerizing a mono- or di- 
(meth)acrylate ot polyethylene glycol and a multifunctional (meth)acrylate on tho pore surfaces of a porous 

polyolelin membrane to bond the resulting copolymer lirmly Uiereto. 

However, in the method proposed by Japanese Patent Laid-Open No. 33878/-87. it has been found U,at 
the heat resistance of porous membranes is improved temporarily, but some physical properties (such as 
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olongalion at broak and breaking strength) inhorontly possossod by tho porous mombranos aro dotorioralod 
while they are immersed in hot water for a long period ol lime. 

In the method for Imparling both heal resistance and hydrophllicity as described In Japanese Patent 
Uid-Open No. 59030/*90, the heat resistance of porous poiyoletin membranes is improved owing to the use 
of a crosslinked polymer derived from aromatic monomers, but ttie resulting membranes itave some 
disadvantages. SpBcifically. tli« crosslinked pulymer tends lu be so figiU Uiat the (lexibilily inlierer»lly 
possBSSori t>y hollow filler fnombranHs may bo impairotl. MofBOver. wtmn Ihe niambranBS are immersed in 
hot water for a long period of time. tl»ei( inodianical piopcrttos sucli as elongation at break aio foduced. 
probably becauSH uf ilm rHialivwIy poor alfiiiily liHlwHHu llio crusslirikwl polyniei and Uih rnalHiial (ortnirig 
thn rnnmliranos pot sn. 

In the method described in Japanese Patent Laid-Open No G9673/'91. the resulting membranes have 
been found to have the disadvantage that, probably because the monomers to be copolymerized have high 
molocular weights and aro honco bulky hydrophihc monomers. Iho adtiosion ot \Uo copolymer to tho 
polyolefin hollow fiber membrane matrix is not satisfactorily good, and the heat resistance of the 
membranes cannot be maintained for a long period of time when they are immersed in hot water. Thus, a 
technique for imparting both heal resistance and hydrophilicity which can withstand long-time use also in 
hot water having a temperature of about 90*0 has not been known in the prior art. 

Summary of the Invention 

It is an object of tho present invention to provide a heat-resisting porous polyolefin membrane which 
can be used in hot water for a long period ot time without deteriorating the mechanical properties inherently 
possossod by iho membrane matrix, and a process Inr tho production of such a mombrano. 

It is another object of the present invention to provide a porous polyolefin membrane having 
hydrophilicity which makes it suitable for use in the treatment ot aqueous liquids and heal resistance which 
enables it to bo used in hot water for a long period of lime, and a process for the production of such a 
membrane. 

According to ono aspect of Iho present Invention, thoro is provided a hoat-rosisting porous mombrano 
comprising a polyolefin porous rnornbrano having a crosslinked copolymer hold on nt Io;ikI ;i ()art ol Iho 
pore surfaces thereof, the crosslinked copolymer being composed of a monomer (A) comprising at least 
one multifunctional (meth)acrylate and a monomer (B) comprising at least one monofunctional (meth)- 
acrylate having a hydrocarbon radical of 5 to 20 carbon atoms. 

According to another aspect of the present invention, there is provided a hydroptiilized fieat-resisting 
porous mombrano comprising a polyolefin porous mombrano having a crosslinked copolymer hold on at 
l«ttst n part til thn ptirn su(lrt<:ns thninol ntwi n( fditiormlly tmvliig n hydinpfiili*: poiyinnr hr)H <in \Ur 
crosslinited copolymef. llie CfOSslinkHd copolyriiHr buing coinposnd uf a numunuu (A) curnpfihing /it i<irt-i 
one multifunctional (meth)acrylale and a monomer (B) comprising at least one monofunctional (meth). 
acrylale having a hydrocarbon radical of 5 to 20 cartxin atoms. 

According to still another aspect of the present invention, there is provided a process for the production 
of a heat-resisting porous mombrano which comprises the stop of copolymerizing a monomer (A) 
comprising at least one multifunctional (molh)acrylale and a monomer (D) comprising at least one 
monofunctional (meth)acryiate having a hydrocarbon Vadical of 5 to 20 carbon atoms, on at least a part of 
the pore surfaces of a polyolefin porous membrane to form a crosslinked copolymer on the pore surfaces. 

According to a further aspect of tfie present invention, there is provided a process for the production of 
a hydrophilized heat-resisting porous membrane which comprises the stops of copolymerizing a monomer 
(A) comprising at least one multifunctional (meth)acrylate and a monomer (B) comprising at least one 
monofunctional (meth)acrytate having a hydrocarbon radical of 5 to 20 carbon atoms, on at least a part of 
tho pore surfaces of a polyolefin porous membrane to form a crosslinked copolymer on the pore surfaces; 
and forming a hydrophilic polymer on at least o part of the pore surfaces and the crosslinked polymer held 
on the pore surfaces. 

Detailed Description of the P referred Embodiments 

The polyolefin material forming the porous polyolefin membranes used in the present invention can be 
a polymer or copolymer composod principally of ono or moro monomers eoloclod from tho group 
consisting of ethylene, propylene, 4-methyl-1-penteno and 3-methyl-l-buleno. or a fluorinated product 
thereof. 
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Tho porous polyolofin mombranos may bo in any form such as hollow fibor mombranos. planar 
membranes or tubular membranes. However, hollow liber membranes arc preferably used because they 
can maxImUe tho membrane area per unit volumo. Although porous membranes having various structures 
can be used according to the Intended purpose, preferred examples thereof are ones having a membrane 
s thickness of about 20 to 200 urn. a porosity ol about 20 to 90%. a water permeability of 0.001 to 50 
i;rn2.hf.iiirnHy as rimasurod by U^y alcuhul-dapandwiU hydrupliili/iny nielhud. and a pory diamoler uf abuut 
0.01 lo 5 um. 

As the starling porous membrane seiving as the matrix, there can be used porous membranes having 
pore structures formed by various mHthuds. Thwy includa. (or example, porous membrane having a porous 
w structure formed by mell-forming a polyolnfin malarial and than slrolching thn rosulling mnmbranB, and 
porous membranes having a porous structure formed by melt-forming a mixture of a polyolefin material and 
a substance soluble in water or other solvent (such as an inorganic substance or a low-molecular-weight 
I ester compound) and then loachtng out tho soluble substance. Among thorn, porous mombranos having a 
porous structure formed by melt forming and subsequent stretching are preferably used because they have 
J5 high porosity and are less liable to performance losses duo to plugging. 

Such porous mombranos having a porous structure formed by moU forming and subsoquonl stretching 
are ones having a pore structure in which minute slit-like spacings (pores) formed by microfibrils and joint 
portions communicate Uiroo-dimonsionally with each olhor. Such porous mombranos con bo produced, lor 
example, by the processes disclosed in Japanese Patent publication No. 52123/'8l (U.S.P. No. 4.055,696) 
20 and Japanese Patent Publication No. 42008/88 (U.S.P, No. 4.401.587). 

As tho abovo-definod porous polyolefin mombranos. there can bo used all typos ot porous polyothyleno 
and polypropylene hollow fiber membranes manufactured by Mitsubishi Rayon Co.. Ltd. 

The crosslinked copolymer hold on the pore surfaces is a crosslinkod copolymer composed of a 
monomer (A) comprising at least one multifunctional (l\4Blh)acrylate (hereinafter referred to briefly as the 
25 crosslinkable monomer (A)) and a monomer (b) comprising at least one monotunctional (meth)acrylate 
having a hydrocarbon radical of b to 20 carbon atoms (hereinafter referred to briefly as the vinyl monomer 
(B)). Specific examples of the crosslinkable nnonomer (A) include dimethacrylates such as ethylene glycol 
dimothacrylato, 1.3-butylono glycol dimothacrylato. glycerol dtmothacrvlato. 1 ,6-hoxanodiol dimethacrylato 
and 1.4-bulylenediol dimethacrylato; trimethacrylatos such as trimolhylolpropano trimothacrylato and pen- 
-jo laeryu'iriiol irimethacrylalo; lolramoihacrylalos such as por»ta«rylhrliol touarriolhacrylaiu; diacrylalu!; t;uch at; 
ethylene glycol diacrylate and 1.6-hexanediol diacrylate; and trtacrylates such as trimethylolpropane 
iriacrylale. Among them, dimethacrylates and trimelhacrylates are preferred. As the crosslinkable monomer 
(A), the foregoing monomers may be used alone or in admixture of two or more. 

' As the vinyl monomer (B), monotunctional (meth)acrylates having a hydrocarbon radical of 5 to 20 
:o carbon atoms are used hncause of their littin irritation In tfin skin, thr^ir good nnpniymnrizahility wilh 
crosslinkable inonuinerb (A). Umii yood (H^nHlrabilily inlu porous (Kjlyolnlif) inHrni)imuis. and limit oasii nl in- 
silu polymerization. Preferred examples ot the hydrocarbon radical of 5 to 20 carbon aloms include atkyi 
groups of 5 to 20 carbon atoms, aralkyi groups of 7 to 20 carbon atoms, and aryl groups of 6 lo 20 carbon 
aloms. Monotunctional (meih)acrylales in which the hydrocarbon radical is an alkyi group include, for 
example, mothacrylic esters such as cyciohoxyl mothacrylalo. lauryl mothacrylate. tridocyl mothacrylato. 
sloaryl mothacrylato and 2-othy!hoxyl mothacrylato: and acrylk: esters such as 2-ethylhoxyl acrylate. 
cyclchexyl acrylate and stoaryl acrylate. Monofunctional (molh)acrylatos in which tho hydrocarbon radical is 
an aralkyi group include, for example, benzyl mothacrylato and benzyl acrylate. Monofunctional (moth)- 
acrylates in which the hydrocarbon radical is an aryl group include, for example, phenyl rnethacrylate. 
Among them, monofunctional methacrylates in which the hydrocarbon radical is an alkyI group of 5 to 20 
carbon atoms are preferred because their very little irritation to the skin and their relatively high boiling 
points and ease of handling. It is more preferable to use a monofunctional rnethacrylate having an alkyl 
group of 10 to 18 carbon atoms as one of the monomers for tho formation of a crosslinked copolymer, 
because such a monofunctional mothacrylato functions as an internal plasticizcr and the resulting crosslm- 
50 ked copolymer hence has such flexibility as lo provide good adhesion to the porous polyolefin membrane 
serving as the matrix. The vinyl monomer (B) may comprise either a single monomer or a mixture of two or 
more monomers. 

In order to improve the heal resistance of tho heat-resisting porous membranes of the present invention, 
and in order to decrease heat shrinkage in hot water especially where the matrix comprises a porous 
66 polyethylene membrane, it Is preferable that the proportion of the crosslinkable monomer (A) In the 
crosslinked copolymer formed from the crosslinked monomer (A) and the vinyl monomer (B) be high. On 
the other hand, in order to maintain some physical properties (such as elongation at break and breaking 
strength) in hot water for a long period of time, it is preferable that tho proportion of the crosslinkable 
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monomer (A) be low. From this point of viow. tho proporOon ot the crosslinkablo monomer (A) should 
preferably be within the range of 10 to 90% by weight and more preferably within the range of 30 to 80% 
by weight. 

No particular limitation is placed on the manner oi combination of the crosslinkable monomer (A) and 
the vinyl monomer (B). so long as each of them lalls within the above-described range. For example, when 
1.6-hoxai»Hdiul diinelhacfylaVu is uswd ds the ciubsiinkablb inunuinHr (A) and lauryl m»lliacrylale is used as 
thfi vinyl monomer (B), IhofR can Im ohiainnd a hydrophlli/Bd liHal-rosistiny pornus rriBrnlifano which shows 
little heat shrinkage when immersed in hot water fur a long period of lirne and which does not undergo a 
siynilicant cfranye o( elunyaliun at break with limn. 

Although tho amount of crosslinkod cnpolymnr holrl nn Ihn pnro sudarns of tho porous momhrano may 
vary according to the type ot crosslinkable monomer, the porosity and pore diameter of the porous 
membrane, and the like, it is preferably within the range of about 5 to 50% by weight based on the weight 
of tho porous membrane. If the amount of crosslmkod copolymer hold is loss than tho aforesaid lower limit, 
it is difficult to impart a sufficient degree of heat resistance to the porous membrane. On the other hand, 
even if the amount of crosslinkod copolymer held is greater than tho aforesaid upper limit, the heal 
resistance of the porous membrane cannot be improved any more. Rather. Iho volume of the pores tends to 
decrease and cause a reduction in fluid permeation performance. It is more preferable that the amount of 
cfosslinked copolymer hold be within tho range of about 20 to 50% by weight. 

This crosslinked copolymer should preferably tx; held on all of the pore surfaces of the porous 
polyolefin membrane. However, the crosslinked copolymer need not necessarily be held on all of the pore 
surfaces, provided that tho pores are open enough to allow water to permeate thorothrough undor o 
commonly employed transmembrane pressure difference end o substantial improvement In heat resistance 
can he achieved. 

The term "held" as used heroin moans that tho crosslinked copolymer is firmly bound or attached to 
25 tho spoclliod sues to such a dogroo as not to corno oU oasity durlr»g aturogo or uso ir»o croauUnkod 
copolymer may bo chemically bonded to tho specified sites, or attached to tho specitiod silos by an 
anchoring effect. Especially where a porous membrane which has been made porous by the above* 
doscribod strotching method is used, tho copolymer is formod so as to enclose tho microfibrils and. 
therefore, can be firmly held thereon. Accordingly, it Is proforabto to uso a porous momhrano which has 
JO been made porous by the above-described slrotchlny moihod. 

The hydrophilized heat-resisting porous membranes of the present invention are obtained by addition- 
ally forming a hydrophilic polymer on at least a part of the pore surfaces and the crosslinked copolymer 
held on tfie pore surfaces of a heat-resisting porous membrane as described above. 

As the hydrophilic polymer, there may be used a variety of polymers including, for example, diacetone 
acrylamide as disclosed in Japanese Patent Laid-Open No. 1G37D3/-87. and a saponification product of an 
Blhylene-vinyl acetate copolymer as disclosed in Japanese Palenl l.aid-Open Nos. 125408/'^88 and 
271003/'aB. Among others, a saponification product of an ethyleno-vinyl acetate copolymer is especially 
preferred. . 

The composition of the saponification product of the ethytene-vinyl acetate copolymer may suitably be 
40 chosen witti consideration (or its hydrophilicily-imparting offoct and its adhesion to tho pore surfaces of the 
porous polyolefin membrane and the crosslinked copolymer present thereon. Howevor. it is preferable to 
use a saponification product of an ethyleno-vinyl acetate copolymer which has an ethylene content of about 
20 to 70 mole % and a degree of saponification of not less than 60 mole %. 

The amount of hydrophilic polymer held may be suitably determined with consideration for the 
hydrophilicily and wafer permeation performance of the resulting hydrophilized heal-resisting porous 

membrane. -u ^ k 

The term "held" as used herein for the hydrophilic polymer has the same meaning as described above 
for the crosslinkod copolymer, and moans that tho hydrophilic polymer is firmly bound or attached to tho 
spcciHcd sites to such a degree as not to come off easily during storage or use. 

Now. the processes for the production of heal-resisting porous membranes and hydrophilized heat- 
resisting porous mombranos in accordance with tho present invention will bo doscribod heroinbolow. It is to 
bo understood, howovor. that tho porous membranes of tho present Invention are not Hmltod to thoso 
produced by tho processes doscribod hereinbolow. 

In the process for the production of heat-resisting porous membranes in accordance with the present 
65 invention, a crosslinkable monomer (A) and a vinyl monomor (B) are held on the pore surfaces of a porous 
polyolefin membrane. For this purpose, there may employed a variety of methods. By way of example, a 
solution is prepared by dissolving those monomers and. if necessary, a polymerization initiator, a 
polymerization regulator, a stabilizer and the like in a suitable solvent. Then, a starting porous membrane is 
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imprognatod with iho solution by soaking iho porous mombrano in tho solution or by causing tho solution to 
penetrate Into the pores of the porous membrane under pressure. Thereafter, the solvent is removed by 
evaporation. The use of such a solution makes it possible to cause the monomers to adhere substantially 
evenly to ail of the pore surfaces of the porous membrane without plugging the pores thereof. Moreover, the 
6 amounts of the monomers adhering to the pore surfaces of the porous membrane can be controlled by 
. varying the concenlfaliuns of the inuiiornors in the solution ur the tiit^w (or which the porous membrane is 
soaked in the solution. 

As the solvent for the preparation of the above-described solution, there may be used any organic 
solvent thai has a lower boiling point than all the monomers, can wot porous polyulolin membranes, and 
w can dissolve the monomers. Where a polymeriiatinn initiator and other additives are usori. il is preferable to 
use a solvent which can also dissolve them. Useful organic solvents include alcohols such as methanol, 
ethanol. 1-propanol and 2-propanol: ketones such as acetone, methyl ethyl ketone and methyl isobutyl 
( ketone; ethers such as totrahydrofuran and dioxano: ethyl acetate: and chloroform. 

No particular limitation is placed on the boiling point of the organic solvent, provided that the above- 
75 described relationship with the boiling points of tho monomers is maintained. However, its boiling point is 
preferably below about lOO'C and more preferably below about 80 -C. bocauso this facilitates removal of 
the solvent prior to the polymerization step. 

The proportions of tho monomers and tho solvonl in tho solution may be suitably dotorminod with 
consideration for the type of the 'solvent, the desired amount of crosslinkcd copolymer held, and other 
20 factors. More specifically, the solvent may be used in an amount of about 50 to 10.000 parts by weight, 
preferably 200 to 5,000 parts by weight, per 100 parts by weight of tho combined amount of tho 
crosstinkablc monomer (A) and the vinyl monomer (B). 

When the porous membrane is subjected to a soaking or penetration treatment using the above- 
described solution, no particular limitalion is placed on the soaking or penetration time. However, it 
3S generally ranges from about 0.5 second to about 3U minutes. As tho wottmg proporiios ot tho solution tor 
tho porous membrane becomes bettor, this treatment can be carried out in a sfiortor period of time. 

After the soaking or penetration treatment is completed, any excess solution is removed from the 
porous membrane and. if necessary, the solvent prosont in tho pores is evaporated. Thon, thg monomers 
held in the pores of the porous membrane are polymerized. T>iis polymerization may be effected while the 
30 solvent is tjeing removed. 

In order to polymerize Uie monomers, ttioro may bo employed any of various polymoiization techniquus 
including pholopolymerizalion. radiation polymerization and thermal polymerization using a radical poly- 
merization catalyst. The polymerization initiator can be any of conventional polymerization initiator. 

In photopolymerization, ultraviolet or visible light may be used tor purposes ot irradiation. As ultraviolet 
:iu light sourcos. thorn may ho usnd low-prr^ssure innrcury vnpnr lamps, higti-prftssure mernury vapor lamps, 
xenon lamps, arc lamps and lti« like. 

In thermal polymerization, il is dosirablo that tho polymerization tompnralure be higher than the 
decomposition temperature of the polymerisation initiator added and lower than a temperature at which the 
membrane structure of the porous membrane is changed and the membrane matrix thereof is damaged. 
40 Ganerally. tho thermal polymerization is effected at a temperature of about 30 to 100 "C. 

If oxygen is present in the atmosphere for polymerization, the polymerization reaction is inhibited. 
Accordingly, it is desirable to effect the polymerization in a substantially oxygen-free atmosphere, for 
example. In an atmosphere ot an Inert gas such as nitrogen. 

When tiie monomers held on the pore suriaces of tho porous membrane are polymerized, tim resulting 
45 copolymer is also crosslinked. Thus, at least a pail of the pore surfaces of the porous membrane are 
covered with a crosslinked copolymer. 

After the crosslinked copolymer has been held on the pore surfaces of the porous membrane, it is 
preferable to remove any undesirod matter (such as unreacted monomers and free polymers) present on 
the pore surfaces ar^d outer surfaces (in the case of a hollow fiber membrane or tubular membrane, inner 
50 and outer wall surfaces) of the porous membrane. This can be accomplished by a soaking or penetration 
treatment using a suitable cleaning solvent, if necessary. The cleaning solvent can bo tho same as the 
solvent used to dissolve the crosslinkable monomer (A) and the vinyl monomer (B). 

In the process lor the production of hydrophilized heat-resisting porous membranes in accordance with 
the present invention, a crosslinked copolymer is first held on at least a part of the pore surfaces of a 
65 starting porous membrane In the same manner as described above for the process for the production of 
heat-resisting porous membranes, and a fiydroptiilic polymer is thon field on tfio crosslinked copolymer and 
that part ol Urn pore surfaces of the porous membrane wliich is not covered with the crosslinked copolymer. 
The method of forming the hydrophilic polymer will be described below by using a saponification product of 
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an othylono-vinyl acotato copolymor as a typical oxamp|o ihoroof. 

The ethylene-vinyl acetate copolymer used to form the saponilication product can be any of various 
types of copolymers such as random copolymors. block copolymors and graft copolymers. Although the 
ethylene-vlnyl acetato copolymor Is basically composed of othylono and vinyl acotato. other monomor 

b components may also be present in such amounts as not tu impair ttte desired properties. 

The cuntuiU uF uthytunu units in Ihw tilhytunu-vinyt ac^talu cupulymur is inipurtant iti that it affucls the 
adhesion of \Ue etfiylene-vir)yl acelatn cf)polymor and its saponification producl lo Iho crnsslinked 
copolymer and the pore surfaces of the pomus rncmtjrane and. moreover, it also affects the degree of 
hydrophilicily imparted to Die porous membrane. From ll^ese points of view, the content of ethylene units 

to should proforably ho within Iho range of 20 lo 70 nmlo %. With ronsidnralion fnr n bnllnr halannn t-jntwnnn 
the above-described two properties, it is more preferable that the content of ethytene units be within the 
range of 25 to 50 mole %. If the content of ethylene units is less than 20 mole %. the ethylene-vinyl acetate 

I copolymor or its saponification product, when deposited on the pore surfaces of the porous mombrano» fails 
to have good adhesion and tends to come off. On the other hand, if the content of ethylene units is greater 

;5 than 70 mole %. the finally obtained saponification product may fail to impart good hydrophilicily to the 
porous membrane. 

In order to hold a saponification product of an ethylene-vinyl acetate copolymer on the pore surfaces of 
a heat-resisting porous membrane, the saponification product may tx3 hold directly on the pore surfaces of 
the heat-resisting porous membrane, or the ethylene-vinyl acetate copolymer may be held on the pore 

20 surfaces of lha heat-resisting porous membrane and tften saponified. 

Where it is desired to hold the saponification product diroctly on the pore surfaces of a heat-rosisting 
porous membrane, there may employed (1) o method which comprises introducing a holding solution 
containing the saponification product into the pores of the heat-resisting porous membrane by soaking, 
penetration or other technique and theri evaporating the solvent of the solution: and (2) a method which 

?5 comprises introducing a holding solution containing the saponification product into the pores ot the heat- 
resisting porous membrane by soaking, ponotration or other technique, dipping the porous membrane in a 
solution of a coagulant for the saponification product to coagulate it on at least the pore surfaces, and then 
drying the porous mombrano. 

The fiolding solution can bo prepared by dissolving the saponification product In a solvent therefor. As 

30 tf»e solvent, there may be used a water-rnlsclbUj organic solvent or a rnixiuro of a wator-rrUscitjiu ort^anlc 
solvent and water. Useful water-miscibte organic solvents include alcohols aocU as rnolhunui, othunol, )- 
propanol. 2-propanol. sec-butanol. tert-butar)ol and cyclohexyl alcohol; polyhydric alcohols such as ethylene 
glycol, propylene glycol and glycerol: and letrahydrofuran, dioxane, dimethylformamide. dimetfiyl sulfoxide, 
dimethyiacetamide. formamide, ethylene chlorohydrin, etc. These water-miscible organic solvents may be 

.fb used alone or In admixture of two or more. Among them, ethanol and dimethyl sulfoxide are preferred 
L)ecause of their good dissolving power lor the Hlhylene-vinyl acBlale copolymer or its saponification 
product and their low toxicity. 

fvlost preferably, a mixture of a water-miscible organic solvent and water is used as the solvent for the 
following reason. The saponification product is composed of ethylene units that are nonpolar and hydropho- 

40 bic. and vinyl alcohol and vinyl acetate units that are polar and hydrophllic. As a result, it is believed that, 
when the saponificalion product is dissolved in a highly polar solvent system and the resulting solution is 
applied to a nonpolar matrix surface (e.g., a pore surface comprising a crosslinked copolymer or a 
polyolefin). nonpolar ethylene units tend to bo locali/od In tfmt nurfaco of Ifio roaulling Ifiln layer of the 
saponification product which contacts lite nonpolar matrix surface, and polar vinyl alcohol at\d vinyl acetate 

45 units lend to be localized in the opposite surface facing the pore space. This phenomenon is desirable 
because the adhesion of the saponification product thin layer lo the heat-resisting porous membrane is 
improved and, moreover, the hydrophilicily of the surface of the saponification product thin layer held on 
the pore surfaces of the heat-resisting porous mombrano is also improved. Accordingly, it is preferable to 
use a mixture of a watcr-miscibic organic solvent and water as the solvent for the holding solution, in that 

50 the polarity of the solvent is enhanced to manifest the above -de scribed phenomenon more pronouncedly. 
Where a mixture of a water-miscible solvent and water is used, the proportion of water contained in the 
mixture should preferably be maximized so long as the dissolution of the saponification product is not 
hindered and the ponotration of the resulting solution into the porous membrane is not hindered. Although 
the proportion of water may vary according to the concentration of the saponification product, its content of 

65 ethylene units, Its degree of saponification, the treating temperature and the like, the preferred range is from 
5 to 60% by weight. 

The concentration of the saponilication product in the holding solution should be high enough to 
produce the desired hydrophilizing effect and is determined with consideration for the properties of the 
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hoat-rosistmg porous mombrano sorving as the matrix. Gonoraiiy. it is protorablo ttiat the concontration ot 
the saponification product t>e within the range of about 0.1 lo 5% by weight. 

In holding of the saponification product on iho heat-resisting porous membrane, the soaking or other 
treatment may be completed in a single operation, or carried out in several steps by using a holding 
solution containing the saponification product at a relatively low concentration. If the concentration of the 
saponification product in Uie liuldiriy solution is yiealer than 5% by wuiyht. the amount of saponification 
product rioposileil is so great that it may redur:e thn poro riiarnoter of the porous memtwane serving as Iha 
matrix and detract from the liquid permeation performance thereof. Although the amount of saponification 
product held may Uh suitably determinod with cunsidurHtiun fur thu (wr fonnancB lo bo imparted lo hwat- 
rnsislino [Kirntis mnmlirann. it is gnnnrally wilhin thn langn nf 1 lo 20% hy wnighl. prnforahly 7 In 15% by 
weight, based on the weigfit of the poioua membrnnc prior to holding thr^ crosslinkrd copolyrnr^i. 

No particular lirnitation is placed on the temperature of the holding solution. However, higher tempera- 
tures are proforrod so long as ttio matrix and the saponitication product arc not damaged and the solvent 
does not evaporate to a considerable degree. This is because higher temperatures facilitate the dissolution 
of the saponification product and reduce the viscosity of the resulting solution. For example, it is preferable 
to employ a temperature ranging from room temperature to 100'C. In the case of soaking treatment, the 
soaking time preferably ranges from several seconds to several tens of minutes. In order to remove the 
solvent from tho holding solution hold in the pores of the heat-resisting porous mombrano, there may bo 
employed such techniques as vacuum drying and hot air drying. The drying may be carried out at a 
temperature al which Iho matrix does not undergo thermal deformation, and it is preferable to employ a 
tomperature of 100 ' C or below. 

Where a solution of an cthylcrw-vinyl acetate copolymer is used, a hydrophilizcd heat-resisting porous 
membrane in accordance with the present invention can bo obtained by subjecting a heat-resisting porous 
membrane to a series of operations including impregnation with the solution, removal of excess solution, 
drying, saponification, washing and drying. More specifically, the ethylene-vinyl acetate copolymer is held in 
the same manner as described above for tho direct holding of the saponification product. Tho content ot 
ethylene units in the ethylene-vinyl acetate copolymer should be wilhin the same range as described above 
tor the content of ethylene units in tho saponification product. As the solvent for tho othylone-vinyi acetate 
copolymer, there may be used any of the previously described solvents for the dissolution of the 
saponification product. The concentration of the ethylene-vinyl acetale copolymer in its solution is prefer- 
ably wilhin the range of 0.1 to 5% by weigtil. The improynation or othor tfoaUnonl for holding of Ihu 
ethylene-vinyl acetate copolymer may be completed in a single operation, or carried out in several steps by 
using a solution having a relatively low concentration. Wliere this treatment is to be completed in a single 
operation, a solution having a copolymer concentration of greater than L0% by weight should preferably be 
usfid so tfiat suffidnnt hydrophitlcily may bn nhlainnfl aflru sapnnirtcation trnatmnnt. If the copolymer 
concHntralioM is yrHHlnr than 5% l)y wnighl. Urn olhylHim-vinyl at:Hlriln riipoly"*" ImmiIs lo mHin.o llm (hum 
diameter of lha porous mernhrano serving as the matrix and rioiract from Iho liquid [x^rrnoation pnrlorinaricn 
thereof. 

The ethylene-vinyl acetale copolymer held on the heat-resisting porous membrane can be saponified 
by immersing tho hoat-resi sting porous mombrano having the elhyleno-vinyl acotato copolymer held 
thereon in an aqueous solution of an alkali such as sodium hydroxide and heat-treating it for a sufficient 
period of time. This saponification treatment may bo carried out until a degree of saponification of not less 
than 60 mole Vo Is attained. 

The above-described treatment steps may be carried out in a batch or continuous process. 

The present invention is further illustrated by the following examples. In these examples, porous 
membranes obtained by melt fonning and subsequent stretching and having a pore structure in which slit- 
like spacings (pores) formed by microfibrils and joint portions communicated throe-dimensionally with each 
other were used. 

Example 1 

A porous hollow tlbor mombrane (EHF410CB: a product of Mitsubishi Rayon Co., Ltd.) lormod ot 
polyolhylono and having an inner diamolor of 2/0 um. a mombrano thickness of 79 um. a porosity of 63%. 
a bubblo point of 3.8 kg/cm^ and a wator permeability of i.b l/m^-hr-mmHg wac fed through a monomer 
solution at a speod of 1 m/mln and thereby soaked therein for about 20 seconds. The monomor solution 
was composed of 7 parts by weight of 1 .6-hexanedlol dimetliacrylate (Aery Eslor HX; a product of 
Mitsubishi Rayon Co., Ltd.), 7 parts by weight of lauryl methacrylale (Aery Ester L: a product of Mitsubishi 
Rayon Co., Ltd.), 0.14 part by weight ol a polymerization initiator (V-70; a product of Wako Pure Chemicals 
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Co.. Ltd.) and 86 parts by woight of acotono. 

Then, this hollow fiber membrane was allowed to slay in an atmosphere of nitrogen gas at 45-C for 2 
minutes lo remove the acetone, and subsequently allowed to stay In an atmosphere of nitrogen gas at 
80 • C tor 4 minutes to polymerize the monomers. After completion of the polymerization step, the hollow 

b fiber membrane was cleaned by immersing it acetone at 25 "C for 5 minutes, and then dried in an 
atinusphere ol nitrogen gas al 80*C fur 2 ininutus. 

After the rosulling fioal-fBsisling ftollow fibHr niBmbranB fiavirjg a crosslinKocJ copolymer held on the 
pore surfaces thereof was hydrophilized with ethanol. the elhanol was replaced by water and the 
performance of the membrane was evaluated. Tlie results thus ublainwd are shown m Table 1 

to This hoal-rosisting hollow fiber momhrano had a hroaking slrnnglh of 389 g/(il and an olongalton at 
break of 69% (as measured at a specimen length of 10 cm and a pulling speed of r> cm/min). Alter this 
heal-resisting hollow fiber membrane was immersed in hot water at 90"C for 1.000 hours, its heat shrinkage 

( was 3.0% or less, its breaking strength was 388 g/fil and its elongation at break was 67% (97% of the initial 
value). 

Comparative Example 1 

A hoat-rosisling porous hollow fiber mornbrano was produced in Iho same monnor as described in 
Example 1, except that the rnononjcr solution was composed ol 14 purls by weight of 1,6-hcxancdial 
20 dimelhacrylale. 0.14 part by weight ol a polyrnoriialion initiator (V-70) and 86 parts by weight of acetone. 
Aflor Iho resulting hoal-rosisting hollow fiber mombrano was hydrophilized with olhanol. tho elhanol was 
replaced by water and the performance ol the membrane was evaluated. I he results thus obtained arc 
shown in Table 1. 

2b Comparative bxamplo 2 

The porous hollow fiber membrane (EHF410CB) used as the matrix in Example 1 was tested in the 
untreated state. After this hollow fiber mombrano was hydrophilizod with ethanol. tho othanoi was replaced 
by water and the performance of the membrane was evaluated. The results thus obtained are shown in 
30 Table i . 

Example 2 

The heat-resisting hollow fiber membrane obtained in Example 1 and having a crosslinked copolymer 
:»5 held on the pore surfaces thereof was fed through a coating solution at a speed of 1 m/min. so as to 
provide a soaking lime ul 20 seconds. Tim coating sotutior* was cornpused of 2.0 parts by woiyhl ol a 
saponification product of an ethylene-vinyl acelate copolymer (Soanol A4412; a product ol Japan Synthetic 
Chemical Industries Co.. Ltd.; degree of saponification. 98% or greater; ethylene content. 44 mole %). 75 
parts by weight of ethanol and 25 parts by weight of water. Then, the hollow fiber membrane was taken out 
40 into an atmosphere at 60 'C. allowed to slay Ihoroin for 4 minutos. and subsoquonlly driod in an 
atmosphere at 50 • C. 

The hollow fiber membrane thus oblainod had tho performance shown in Tablo 1. When this hollow 
fiber membrane was Immersed In the No. 54 standard solution for wotting Index teals (with a surface 
tension of 54 dyrvcm) described in JIS K6768 for 2 seconds or more and its colored stale was observed 
45 wilh the naked eye, the whole membrane was found to be almost uniformly dyed blue to the interior of the 
pores. This confirmed that the hydrophilicity of the pore surfaces of the hollow fiber membrane was 
enhanced to a surface tension of 54 dyn.'cm or greater. 

This hydrophilized heat-resisting hollow fiber mombrano had a breaking strength of 402 g.fil and an 
elongation at break of 72% (as measured at a specimen length of 10 cm and a pulling rate of 5 cm/min). 
so After this hydrophilized heat-resisting hollow fiber membrane was immersed in hot water at gO'C lor 1.000 
hours, its breaking strength was 300 g/fil and its elongation at broak was 70.5% (08% of tho initial value). 

Comparative Example 3 

65 The heat-resisting porous hollow fiber membrane obtained in Comparative Example 1 was treated in the 
same manner as described in Example 2 to obtain a hydrophilized heat-resisting porous hollow fiber 
membrane. This hollow fiber membrane had the performance shown in Table 1. When il was immersed in 
hot water at 90"C for 1.000 hours, its elongation at break showed a marked reduction. 
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Exampio 3 


A hoai-roststing porous hollow Ubor mombrano was produced In the samo mannor as doscribod In 
Example I, except thai the monomer solution was composod of 7 parts by weight of trimothylolpropane 

5 trirnetliacrylate (Aery Ester TMP; a product ol f^ltsubislil Rayon Co., Ltd.). 7 parts by weight of stearyl 
rubUiacrytato (Aery Eslei S: a product of fvlitsubislii Rayun Co.. Ltd.). 0.t4 part by weiylit ul a pulyiriBfi/d- 
tion inilialor (\/-70) afuJ 86 pails t>y wHight t)l acntnnn. Thtin. this hnllow fihnr innrnbrano was trHaled in Uih 
same manner as described in Example 2 lo obtain a hydiophilized heal-resistiny porous hollow liber 
nmrnbranu. This hultuw fiber rnunibranu had thu purfurrnancu shown in Tablu 1. When il was iinrTiursad in 

to hot walnr at 90 • C for 1.000 hours, its nlongalion at l>rnak rnmainnrt nirnnst iinchangnrl. 

Comparative Example 4 


A hydrophilized heat-resisting porous hollow fiber membrane was produced in the same manner as 
75 described in Examples 1 and 2. except that the monomer solution was composed of 14 parts by weight of 
trimethylolpropane trimethacrylate, 0.14 part by weight of a polymerization initiator (V-70) and B6 parts by 
weight of acetone. This hollow fiber membrane had the perlormance shown in Table 1. When it was 
immersed in hot walor at 90 • C lor 1 ,000 hours, its olongation at broak showed a marked reduction. 

20 Example 4 


A hydrophilized heat-resisting porous hollow fiber membrane was produced in the same manner as 
dnncribod in Examplns 1 and 2. fjxcopt that Iho monomor sokrtion was composod of 8 parts by weight of 
1,3-butylene glycol dimethacrylate (Aery Ester UU; a product ol Mitsubishi Rayon Co.. Ltd.). 6 parts by 
25 weight ot tridocyl methacrylato (Aery tstor lU: a product o( Mitsubishi Hayon Co.. Ltd.). 0.14 part by woight 
of a polymerization initiator (V-/0) and 86 parts by weight of acotono. This hollow liber membrane had the 
performance shown in Table l . 

Cornparalivo l:xan»pto 5 

'JO 

A hydrophilized heat-resisting porous hollow fiber membrane was produced in the same manner as 
described in Examples 1 and 2, except that the monomer solution was composed of 14 parts by weight ol 
tridecyl methacrylate (Aery Ester TD), 0.14 part by weight of a polymerization initiator (V-70) and 86 parts 
by weight of acotono. This hollow fibnr mornbrano fiad tho porforrnancn shown in Tablo I. Sinco thn 
niorHimnf solulicui cnnlniiuul lui i Kis.^linknblrt inonnnifM. thn hnllow fil>iM iiuMnlHnnn uinlnrwcnt innrkrd hp.nl 
dHfurinatiun in hut walnr. 

Example 5 


40 A hydrophilized heat-resisting porous hollow fiber membrane was produced in the same manner as 
described in Examples 1 and 2. except that the monomer solution was composed of 7 parts by weight of 
1 ,6-hexanediol dimethacrylate (Aery Ester HX). 7 parts by weight of a mixture of lauryl methacrylate and 
tridecyl methacrylate (Aery Ester SL: a product of Mitsubishi Rayon Co.. Ltd.). 0.14 part by weight of a 
polymerization initiator (V-70) and 86 parts by weight of acetone. This hollow fiber membrane had the 

45 performance shown in Table 1 . 

Example 6 

An cthylcnc-vinyl acetate copolymer (with an ethylene content of 35 mol %) and sodium hydroxide in 
so an amount oquimolar lo tfiat ol tho vinyl acolato component wore added to a solvent mixture ot molhanol 
and toluono (in a volumo ratio of 1:2). Tho resulting mixturo was sltrrod at 6b 'C lo olloct partial 
saponification and thereby obtain an othylono*vinyl acotato-vlnyl alcohol copolymor (in a molar ratio of 
35:15:50). 

Two pans by weight of this partially saponified copolymer was dissolved in a mixture composed of 75 
66 parts by weight of ethanoi and 25 parts by weight of water to prepare a coating solution. A heat-resisting 
hollow fiber membrane having a crosslinked copolymer held there-on, which was obtained in the course ol 
Example 5, was soaked in the coating solution for 20 seconds. Then, the hollow fiber membrane was taken 
out into an atmosphere at 60 'C, allowed lo slay therein for 4 minutes, and subsequently dried in an 
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atmosphoro at 50 'C. Jt^o hollow libor mombrano thus obtained had the porformanco shown m Tablo 1. 
Example 7 

i A hydrophilized heat-resisting porous tiollow fiber membrane was produced in the same manner as 

described in Examples 1 and 2. except ihal the munumer solution was composed o( 7 parts by weiylit of 
1,6-hBxanscJiol dimelhanrylalB (Aery Ester HX; a producl of Milsuljishi Rayon Co.. Ltd.). 7 parts by weighl of 
benzyl rnethacrylale (Aciy Ester B2. a product ol Milsubishi Rayon Co.. Ltd.). 0.14 pari by weiyfil of a 
polymeri/alion initiator (V-70) and 80 parts l)y wHiyhl of acHluna This hollow f.tjHr membrane had the 

to imrfnrmanco shown in Tahin 1. 
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The hydrophilized haat-resisting porous membranes of the present invention have hydrophllicity and 
56 heat resistance which l8 characterized in that their physical properties are not changed even after they are 
immersed in hot water for a long period of time. Thus, the present invention makes it possible to use 
porous membranes formed of polyolefins in fieids of application requiring sterilization with hot water (such 
as medical treatment, food industry and fermentation industry) and fields of application involving the 
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troalmonl of hot wator (such as purification of polysapcharidos and troatmont of condonsato from powor 
plants). 

Claims 

1. A hyal-rwsisliiiu puruus inyinbrarm comprisiny a puruus pulyolwlin inwtnbrane hdviriy a crusslttiked 
copolymof ImliJ on al laast a pail of thn ptim siirfar.ns Uinrnuf, Uin crosshnkod t.opolymHr tiotng 
composed of a monomer (A) cumpiisirjy at least one multiluncliunal (rneth)acf ytato artd a monomer (B) 
comprisiny at least ona monofunclional (mBlh)acf ylat« tiaviiiy a liydrocar Ixjn radical of 5 to 70 carbon 
atoms. 

2. A heat-resisting porous membrane as claimed in claim 1 wherein the hydrocarbon radical of 5 to 20 
carbon atoms is soloctod from tho class consisting of alkyi groups of 5 to 20 carbon atoms, aralkyi 
groups of 7 to 20 carbon atoms, and aryl groups of G to 20 carbon atoms. 

a. A heat-resisting porous membrane as claimed in claim 2 wherein the hydrocarbon radical of 5 to 20 
carbon atoms is selected from tho class consisting of alkyI groups of 5 to 20 carbon atoms and aralkyi 
groups of 7 to 20 carbon atoms. 

4. A heat-resisting porous membrane as claimed in claim 1 wherein the mullifunclional (mGlh)acrylatB is 
multifunctional mothacrytato. 

6. A hydrophilizod hoat-rosisting porous mombrano comprising a porous potyolotin mombrano having a 
crosslinkod copolymer hold on at least a part of tho pore surfaces thereof and additionally having a 
hydrophilic polymer fiotd on at least a part of lf»o cronehnkod copolymor. Ifm cfoscfinkod copoiymor 
being composed of a monomer (A) comprising at least ono multilunctional (molh)acrylato and a 
monomer (B) comprising ai least one monofunclional tmeih)acrylaie having a hydrocarbon radical of 5 
to 20 carbon atoms. 

30 6. A hydrophlHzed hoai-rosisllng porous mombrano as clalnuKJ In claim fi whoroln Ihu hydror>liilic polymiir 
is a saponification product of an ethylene-vinyl acetate copolymer. 

7. A hydrophilized heat-resisting porous membrane as claimed in claim 5 wherein the hydrocarbon radical 
of 5 to 20 carbon atoms is selected from the class consisting ot alkyl groups of 5 to 20 carbon atoms, 
aralkyi groups of 7 to 20 carbon atoms, and aryl groups of 6 to 20 carbon atoms. 

a A hydrophilized heat-resisting porous membrane as claimed in claim 7 wherein the hydrocarbon radical 
of 5 to 20 carbon atoms is selected from the class consisting of alkyl groups ot 5 to 20 carbon atoms 
and aralkyi groups of 7 to 20 carbon atoms. 

40 

9. A hydrophilizod hoat-rosisting porous mombrano as claimod in claim 5 wherein tho multifunctional 
(meth)acrylate is multifunctional methacrylate. 

10. A process for the production of a heat-resisting porous membrane which comprises the step of 
45 copolymerizing a monomer (A) comprising at least one multifunctional (meth)acrvlale and a monomer 

(B) comprising at least one monofunclional (rnethjacrylete having: a hydrocarbon radical of 5 to 20 
carbon atoms, on al least a part of the pore surfaces of a porous polyotefin membrane to form a 
crosslinkod copolymor on tho poro surfaces. 

50 11. A process for the production of a hydrophilizod heat-resisting porous membrane which comprises the 
stops of copolymerizing a monomer (A) comprising at least ono multifunctional (moth)acrylato and a 
monomor (B) comprising at loast ono monotunctional (moth)acrylalo having o hydrocarbon radical of 5 
to 20 carbon atoms, on at loast a part of tho pore surfaces of a porous polyolofin mombrano to form a 
crosslinked copolymer on the pore surfaces; and forming a hydrophilic polymer on al loast a part of the 

65 crosslinkod copolymer so as to bo hold on the crosslinkod copolymer. 
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